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Abstract This study focusses on a magnetoactive elastomeric composite based on a polydimethylsiloxane
matrix highly filled with a mixed magnetic powder. The powder contains a mixture of carbonyl iron and
magnetically hard NdFeB alloy spherical microparticles. Magnetoactive elastomer samples with different
ratios of the magnetically hard and soft filler were synthesized and characterized using dynamic axial loading.
Behavior of the composites was compared with the behavior of a conventional magnetorheological elastomer
based solely on magnetically soft particles. It was found that the passive state and active state properties of the
magnetoactive composites with mixed powders can be separately tuned. The passive state properties may be
changed by pre-magnetization of the magnetically hard particles influencing composite’s remanence, while
the active state properties can be controlled by applying external magnetic field. The range of passive tuning
and active control depends on the amount of magnetically hard and soft components. Using external fields
up to 1500 mT for a pre-magnetization and fields up to 240 mT for investigation of the active control, it was
found that the passive change of samples’ storage modulus and loss factor may reach up to ∼ 30–100%, while
within active control these parameters can be changed up to ∼ 50–200%.
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1 Introduction

Composites of an elastic matrix with embedded magnetic microparticles are known as magnetoactive elas-
tomers. The magnetic component provides a remote and rapid control of these composites by application of
external magnetic fields. A change of the material’s viscoelastic properties by the action of magnetic fields is
referred as the magnetorheological (MR) effect [1–3]. Among other distinctive controllable properties of the
composites are magnetodeformation [4,5], shape memory effects [6–8] and changes in electric resistivity [9].
These properties stimulate a development of a significant number of technical applications of magnetoactive
elastomers from damping devices and actuators to sensors and haptic elements [10–14].

Behavior of magnetoactive elastomers primarily depends on the elasticity of the matrix, physical properties
of the magnetic powder as well as spatial arrangement of its particles in the matrix. Natural rubber or various
polymers are used as matrix material, and it is a general practice to use a carbonyl iron powder as the magnetic
component. The powder is mixed with the liquid matrix prior to its cross-linking. Particles of the powder
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can be prearranged in elongated structures if an external magnetic field is applied during the cross-linking
process. This pre-structuring provides a targeted anisotropy of the composites [15,16]. With a view of highest
possible field response of the elastomers, a high volume concentration of the magnetic particles and a low
elastic modulus of thematrixmaterial are required. Though the relativeMR effect in composites with zero-field
modulus higher than 0.5...1 MPa is only moderate [3], account must be taken of the fact that in the composites
with a very soft gel-like matrix (with a modulus of about 1 kPa) a very low absolute MR effect is observed
[17]. Moreover, such gel-like matrices have limitations regarding their possible engineering applications. In
the past, silicone resin has proved itself as a very promising matrix material and composites on its basis were
referred as soft magnetic or magnetoactive elastomers [8,18,19]. As mentioned above, typically carbonyl
iron powder is used as a magnetic filler. One of the steps toward a material with enhanced properties is
the combination of a soft polymeric matrix with a magnetic hard powder. Studies of elastomers filled with
NdFeB microparticles of irregular non-spherical geometry have demonstrated an increase in the tensile and
shear moduli for the magnetized samples [20,21]. An important innovative challenge is the possibility to
actively control the properties of elastomers containing a magnetic hard filler. The application of an external
field to such composites can reversibly change their behavior, despite the tuned remanence induced by pre-
magnetization. This was studied in [22–24] analyzingmagnetization processes as well as usingmicrostructural
observations. Furthermore, there is an approach to enhance the range of the active control and simultaneously
tune the properties of the composite in a passive state. In this regard, a mixed filler can be used. In contrast to
elastomers filled solely with magnetically soft or hard particles, the so-called mixed magnetic hybrid materials
contain a mixture of both types of particles. While magnetically soft component leads to the well-known active
changes in the material behavior by application of magnetic fields, the pre-magnetization of the magnetically
hard particles causes passive changes in the properties of the magnetic elastomer with the complex filler.
Magnetic properties of such elastomers were recently studied using first-order reversal curve analysis [25]. The
mechanical stress induced by the striction of hybridmagnetoactive composites was experimentally investigated
in [26]. However, systematical evaluation of the MR effect in these mixed composites as well as their direct
comparison with classical magnetoactive elastomers are still missing. Therefore, the current study is dedicated
to the magnetomechanical characterization of the magnetoactive elastomers with various compositions, i.e.,
with a magnetically soft and hard powder only and mixture of the two in various ratios. Moreover, insomuch
as the mixed powder requires a separate approach, full details on the synthesis of the composites are given.

2 Synthesis of magnetoactive elastomer

Synthesis of a magnetic elastomer is a multi-step process. Its principal stages include preparation of the
magnetic filler with pre-assigned particle size, mixing it with the polymer binding agent and polymerization
in molds of various shapes and sizes.

2.1 Magnetic filler preparation and surface modification

The fractions of interest as magnetic particles for the composites were separated by sieving to ensure a size
distribution below 100µm.Modifying the surface of particles is an important preliminary stage of the process.
Firstly, it is necessary to subject the particles to a pre-treatment to make sure their surface is wetted by a
lyophobic polymer binding agent which in our case is a silicone resin. Determined by the sessile drop method
described in [27], the wetting angle of the silicone exceeded 100◦. The surface treatment of the powders was
carried out using petroleum-ether- or hexane-based solutions ofmixtures of polydimethylsiloxane (PDMS) and
methylhydrosiloxane oligomer. The oligomers are products of Russian State Scientific Institute for Chemical
Technologies of Organoelement Compounds; the active hydrogen content is 1.5–1.6%. The methylhydrosilox-
ane oligomer is the hydride-containing semi-product CAS 63148-57-2:

H−Si(C2H5)2−[O−Si(C2H5)2]n (Fluid 136−157)

H−Si(CH3)2−[O−Si(CH3)2]n (Fluid 136−157M)

(n = 10 ÷ 15).
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Reacting with the adsorption moisture, which is practically always present on the surface of powders, the
modifying agents thus dehydrate the particles and form chemical bonds with their surface:

[surface]-OH + H−Si(C2H5)2−[O−Si(C2H5)2]n → [surface]-Si(C2H5)2

−[O−Si(C2H5)2]n + H2O.

As a result, a lyophobic surface coated by a film of a siloxane fluid is obtained. The treated powder is then
subjected to heating in an oven at 110 ◦C for the acceleration of the chemical process and removal of the water
evolved. At the same time, a thin layer of PDMS enhances separation between the particles and promotes their
efficient dispersion and distribution inside the liquid resin.

In our study, bicomponent semi-product SIEL-254 was used. Having hydride-containing siloxane compo-
nents, these potting syrups are susceptible to the moisture present in the powders, which leads to the formation
of defects in the form of cavities inside the sample as the side reactions take place:

Si−H + H2O → nSi−OH + H2 ↑
Si−H + HO−Si → Si−O−Si + H2 ↑
2Si−OH → Si−O−Si + H2O ↑ .

Treatment of the surface of particles with the hydride-containing oligomer prevents the side processes,
thus promoting the fabrication of defectless samples of magnetic elastomers.

The polymer matrix is prepared from bicomponent silicone resin, the two ingredients of which are a
low-molecular vinyl-containing part A and a hydride-containing part B:

A : ((CH3)3SiO(((CH3)2SiO)a(CH3(H)SiO)b)xSi(CH3)3

B : (CH2CH)3SiO[CH3SiO]ySi(CHCH2)3).

First mixed together and then mixed with the magnetic filler, they are subjected to polymerization, which
occurs at elevated temperature (100–150 ◦C) and in the presence of a complex Pt catalyst:

(CH2=CH)3SiO[CH3SiO]y−Si(CH=CH2)3 + Pt-catalyst

≡ Si−CH=CH2 + H−Si ≡ → [ ≡ Si−CH=CH2−Si ≡]n .
The viscoelastic features of the polymer matrix and thus the overall composite were controlled by the

addition of the plastifying agents PMS-100 and PMS-300 and assigned amounts of the component B. In more
detail, these effects were discussed in [21].

2.2 Dispersion of the components

Mixing the magnetic filler together with the polymer was carried out in a mortar and then in a 3-roll dispersing
machine. A rough dispersion was poured in between the first two rolls rotating toward one another at different
velocities. Owing to the rate difference, there occurs grinding and dispersion of particles agglomerates between
the rolls. Then, the mixture is transferred from the second roll into the gap between the second and third roll
for additional treatment. Adjusted to be approximately 50µm wide, the gap between the rolls provides high
shear stress resulting in the intensive grinding of the magnetic filler.

2.3 Fabrication of samples with pre-assigned shapes

The obtained dispersion was subjected to vacuuming at a residual pressure of approximately 100 Pa. This
procedure is carried out for the removal of small air bubbles captured into the solution during the grinding
described above. After that, the dispersion was poured into cylindrical Teflon molds supplied with glass end
plates. The interior surfaces of the molds were covered with a thin coat of a mold release based on a nonionic
surfactant as it is capable of blocking the polymerization of silicone oligomer on the mold surface. As a
result, cylindrical samples with required geometrical parameters will be obtained. As has been mentioned
above, heating is required for the successful conduction of the polymerization process. In the beginning of
the procedure, the viscosity of the raw mixture decreases due to the heating and starts increasing when the
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Fig. 1 Microscopic images of magnetically soft powder BASF CC (left) and magnetically hard powder MQP-S-11-9-20001-070
(right)

Table 1 Composition of the fabricated and studied magnetoactive elastomers. Therein, φwtsoft represents a concentration of
magnetically soft powder, φwthard represents a concentration of magnetically hard powder, and E ′

0 an initial elasticity of the
sample

Sample ID φwt_soft , % φwt_hard, % E ′
0 (kPa)

MRE0 0 100 120
MRE25 25 75 140
MRE45 45 55 120
MRE100 100 0 110

polymerization is initiated. This time interval results in the possibility of layer separation of the dispersion
due to the sedimentation of the filler particles. Such separation may be quite significant, especially for the
micron-sized particles. In order to prevent the loss of homogeneity, the mold with the sample was rotated at a
velocity of 10 rpm during heating in the oven.

3 Samples composition and magnetic properties

Samples of magnetoactive elastomers with various compositions were manufactured utilizing the above-
presented methodic. All fabricated specimens have cylindrical geometry with a diameter of 12 mm and a
height of 2 mm.

3.1 Magnetic powder and samples composition

Carbonyl iron powder from BASF (grade CC) was used as magnetically soft component. The particles of this
powder have a spherical form and a mean diameter of ∼ 5µm. As magnetically hard component, a NdFeB
alloy powder MQP-S-11 from Magnequench was utilized. This powder contains spherical particles with a
median diameter of ∼ 35–55µm. Utilization of a spherical powder is of special importance for theoretical
considerations, since most theoretical approaches deal with spherical particles, see e.g., [29,30].

Microscopic images of both types of powder are shown in Fig. 1. Overall concentration of the filler in
all samples was 82 wt%, which corresponds to approximately 40 vol%. The ratio between magnetically soft
and hard components was varied. In order to obtain specimen with a tentatively equal initial elasticity of the
matrix, an identic volume of the liquidmatrix componentswas used tomanufacture all samples. The specimens’
composition is given in Table 1. All samples are designated according to the amount of the magnetically soft
powder, i.e., MRE0 corresponds to a sample with magnetically hard particles only, MRE25 corresponds to a
sample with 25% of carbonyl iron and so on. Thus, the sample MRE100 is a conventional magnetorheological
elastomer with soft PDMS matrix. Properties of this specimen are similar to the properties of the samples
extensively considered in the past [6–8,18].
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Fig. 2 Magnetization curves of the carbonyl iron powder BASF CC and the NdFeB alloy powder MQP-S-11. For magnetically
hard MQP-S-11, minor loops are additionally shown

Fig. 3 Initial magnetization curves of the samples

3.2 Magnetic properties

Magnetic properties of the used powders andmanufactured sampleswere obtained using a Lake Shore vibrating
sample magnetometer 7407 at a temperature of T = 20 ◦C. Magnetization curves M(B) for both types of
powder are shown in Fig. 2. The carbonyl iron is a magnetically soft material, while for the NdFeB alloy
powder a hysteretic behavior with a remanence is observed. Magnetic susceptibility of the carbonyl iron is
much higher than that of NdFeB alloy. Magnetization loops of the magnetoactive elastomers reflect a complex
interaction between the particles and the matrix and require specific investigations. This issue was addressed
elsewhere regarding elastomers with a magnetically soft [8,31], magnetically hard [22,24,28] as well as a
mixed powder [25]. In the focus of the current study was a static magnetization of the samples with a mixed
composition and their remanence, which is expected to be a crucial parameter for the material response. Initial
magnetization curves of the samples are shown in Fig. 3. The more the carbonyl iron powder is in the sample,
the higher the magnetization is observed at the same applied field. This fact corresponds to the magnetic
behavior of the powders. The measured dependencies of the remanence Mr on the flux density B are shown in
Fig. 4. The sample MRE100 is magnetically soft and its remanence is zero. Remanence of the samples with
magnetically hard component depends on the magnitude of the field applied to magnetize them as well as on
an amount of the magnetically hard particles in the certain specimen. The more the NdFeB alloy powder is
present in a sample, the higher its remanence. The remanence provides a possibility to tune the initial state of
the sample in a way as it has been shown for composites with magnetically hard powder in [20]. For further
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Fig. 4 Dependencies of the samples’ remanence on the external field which was applied to magnetize them

mechanical testing, samples with NdFeB alloy powder were fabricated and magnetized at various B in the
vibrating sample magnetometer.

4 Magnetomechanical properties

4.1 Experimental setup and procedure

For mechanical characterization of the fabricated samples, a tabletop universal testing machine Dyna-Mess
was used. The machine was equipped with a load cell with a nominal load capacity up to 5 kN and a servo-
pneumatic drive. The resolution of the measurements was 0.01 N for the load cell and 0.01 mm for the
displacement transducer, respectively. In the experiment (Fig. 5), the cylindrical specimen was fixed between
movable upper and static lower fixture. A uniform external magnetic field (up to B = 240 mT) was provided
with a cylindrical electromagnetic coil positioned around the sample. The magnetic field was oriented along
the main axis of the sample, i.e., in the direction of the mechanical loading. The maximum displacement used
in all tests does not exceed of ∼ 5% of the initial sample length in order to avoid significant influence of
the radial sample deformation on the results of the measurements. Cyclic dynamic loading of the elastomers
was performed at a frequency of 0.5 Hz using a displacement-controlled mode. As a result of the dynamic
loading, force–displacement diagrams F(s) were obtained (Fig. 5). For viscoelastic materials, such diagrams
are hysteretic loops which allow to access such material parameters as the storage modulus E ′ and the loss
factor η. The loss factor η in turn represents a ratio between the loss and storage modulus:

η = tan δ = E ′′/E ′. (1)

To avoid influence of the transient processes related to inertia of the apparatus, first several loops were
neglected during data treatment.Moreover, the cycling preloading homogenizes the specimen’smicrostructural
state. The slope k of the major axis of the force–displacement loop represents the dynamic stiffness of the
specimen, while the area A within the loop represents the dissipated energy per cycle of loading. The energy
A is proportional to the loss factor η, stiffness k and the amplitude of deformation �s:

A =
∫
Fds = πηk�s2. (2)

To determine the storage modulus E ′, the force and displacement are transformed into stress and strain
values, respectively. When the slope of the major axis (defined by the highest stress and highest strain to lowest
stress and lowest strain value) of the stress-strain loop provides the storage modulus E′.

It is noteworthy that there is a special feature of a magnetoactive elastomer with a soft matrix which
is reflected in the force–displacement diagrams and must be taken into account. These composites show a
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Fig. 5 Schematic representation of the experimental setup (left) and illustration of the determination of the dynamic stiffness (k)
as well as dissipated energy per cycle (A) from the dynamically obtained force–displacement diagram F(s)

strictional or so-known magnetodeformational effect in an applied magnetic field [4,5]. This is manifested in
the used setup as a mechanical stress induced by the sample in the direction of the field, i.e., in the direction of
the mechanical loading. In turn, this leads to a shift of the force–displacement diagrams in the corresponding
direction depending on the magnitude of the applied field. The strictional effect in the composites with a mixed
powder was very recently addressed elsewhere [26].

The quantitative influence of the applied magnetic field on the viscoelastic properties of magnetoactive
elastomers is evaluated calculating the relative change in modulus and loss factor as

Ra_E = E ′(B)/E ′
0 − 1 (3)

Ra_η = η(B)/η0 − 1, (4)

where E ′
0 and η0 are storagemodulus and loss factor of a sample without appliedmagnetic field, and E ′(B) and

η(B) are modulus and loss factor of a sample under applied magnetic field with a flux density B, respectively.
Parameters Ra_E and Ra_η are further referred as the active MR effect regarding the modulus and loss factor,
respectively. Additionally, for the samples containing magnetically hard component, the influence of the
remanence magnetization on the viscoelastic properties is taken into account as passive MR effect. By analogy
with Eqs. (3) and (4), this effect is quantified as

Rp_E = E ′(BM)/E ′
0 − 1 (5)

Rp_η = η(BM)/η0 − 1, (6)

where BM denotes a flux density of the external field applied to magnetize a sample, prior to its mechanical
characterization, i.e., to provide a remanence.

4.2 Results

All manufactured samples were characterized using the setup and procedure described above. Standard devi-
ation for all measurements was in the range 1…5%; therefore, only the effects higher than 5% can be taken
into account. Due to the large amount of the obtained data, only exemplary diagrams for selected samples
and magnetic fields are given. Figures 14, 15 and 16 summarize the active MR effect of the samples without
induced remanence and pre-magnetized composites as well as the passive MR effect for the pre-magnetized
samples.

The force–displacement loops for the sample MRE100 which contains solely magnetically soft powder are
shown in Fig. 6. With increasing magnetic field, particles of the magnetic powder interact with each other and
form structures elongated in the direction of the field; therefore, larger forces are needed to deform the sample.
This results in an increase in the slope of the major axis of the diagrams, i.e., the storage modulus increases.
Moreover, the area of the loop increases, indicating an increase in the loss factor. Figure 7 demonstrates an
influence of the magnetic field on storage modulus and loss factor of this sample. The high magnitude of the
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Fig. 6 Force–displacement loops of the magnetically soft sample MRE100 at various magnetic fields. The shift due to the
strictional effect is taken into account

Fig. 7 Storage modulus E ′ (left) and loss factor η (right) of the sample MRE100 at various magnetic fields

MR effect (Ra_E = 455% and Ra_η = 340% at 240 mT) of the sample MRE100 reflects its composition, i.e.,
high volume concentration of the carbonyl iron and the soft matrix, which provides a pronounced mobility of
the particles.

In contrast to the sample MRE100, application of an external field to the non-magnetized sample MRE0
does not change its behavior. The magnetic susceptibility of the NdFeB alloy particles is low and, despite
the soft matrix, possible structural changes in the composite are too weak to have a measurable influence on
the sample’s behavior. When the sample MRE0 is pre-magnetized, particles of the powder have an induced
magnetization, due to the remanence. Moreover, a pre-structuring of the particles can take place during the
magnetization at high fields, like it was shown in [23]. Quite apart from a real transition from isotropic particle
structure to particle chains, distances between neighboring particles will be lower due to the movement of
particles in the matrix similar to processes observed in [8,22]. This provides not only a tuned initial state of the
sample, but additionally provides a possibility to actively control the storage modulus of the pre-magnetized
sampleMRE0. This is realized applying an external magnetic field to the pre-magnetized specimen. The active
control of loss factor for the sample MRE0 remains very restricted despite its pre-magnetization. The process
of the active control is reversible as far as the direction of the applied field is not changed. It should be pointed
out that application of a field higher than 240 mT can potentially change the initial state of the pre-magnetized
sample MRE0. However, such fields were not used in the current work and this issue requires separate study.

When a specimen is based on a mixed powder, an active control is already provided for the non-magnetized
state. In Figs. 8 and 9, the response of the non-magnetized sample MRE25 to external magnetic fields is
demonstrated. Both parameters, the storage modulus E ′ and loss factor η, are controllable (Ra_E = 80% and
Ra_η = 52% at 240 mT). Magnetically, soft component’s role in this behavior is self-evident. The response of
the MRE25 to the applied field is lower than that of MRE45 and MRE100. This is related to the amount of the
carbonyl iron particles involved in the structuring processes.

Possibility of the passive tuning of the MRE25 is demonstrated in Figs. 10 and 11. As it follows from the
comparison of the results for the samplesMRE25,MRE45 andMRE0 (Fig. 15), the amount of themagnetically
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Fig. 8 Force–displacement loops of the non-magnetized sampleMRE25 at various magnetic fields. The shift due to the strictional
effect is taken into account

Fig. 9 Storage modulus E ′ (left) and loss factor η (right) of the non-magnetized sample MRE25 at various magnetic fields

Fig. 10 Force–displacement loops of the sampleMRE25 after pre-magnetization at various fields BM. External field is not applied
during the measurements

Fig. 11 Storagemodulus E ′ (left) and loss factor η (right) of the sampleMRE25 after magnetization at various fields BM. External
field is not applied during the measurements

hard powder is not the decisive factor influencing the passive MR effect. There are complex particle–particle
and particle–matrix interactions which could not be understood from the magnetomechanical testing.

Similar to the sample MRE100, specimens based on a mixed powder can as well be actively controlled in
a pre-magnetized state (Fig. 16). This is reasoned with the remanence magnetization of the magnetically hard
component and presence of particles’ structures which were formed during the pre-magnetization. However,
the active MR effect of the pre-magnetized specimens is clearly higher than the effect of the non-magnetized
specimens only for the MRE0, which does not show an active effect at al. For the mixed samples, the higher
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Fig. 12 Force–displacement loops of the sample MRE25 after magnetization at BM = 1500mT under action of an external field
B

Fig. 13 Storage modulus E ′ (left) and loss factor η (right) of the sample MRE25 after magnetization at BM = 1500mT under
action of an external field B

Fig. 14 Active MR effect of the sample MRE100 and samples MRE45, MRE25 without remanence under action of the external
magnetic field B

the amount of the carbonyl iron, the higher the active MR effect, and therefore, a broader active control of the
material is possible. On the other hand, pre-magnetization of the mixed samples apparently slightly decreases
the activeMReffect. It can be reasonedwith the fact thatmagnetically soft particles are involved in a structuring
process during pre-magnetization and due to the remanence of the magnetically hard particles stay slightly pre-
structured in the off-state compared to the non-magnetized samples. Figures 12 and 13 demonstrate the active
response of the specimen MRE25 pre-magnetized at BM = 1500mT. Generally, response of the conventional
MR elastomer (MRE100) to an external field is much stronger than the response of the samples with a mixed
powder.

Results obtained may indicate that the key parameter responsible for the effective MR effect in the mixed
composite is the intensity of the particles’ structuring inside the matrix. Pre-magnetization of the samples
restricts the mobility of the particles; therefore, the active effect decreases. For the passive MR effect, the
key parameter can be the size of the particle’s structure. Along with an obviously induced magnetization
of the particles of both types and remanence of the magnetically hard particles, microstructural changes
detected in [23,32] confirm this suggestion. However, without further detailed microstructural investigations
and appropriate theoretical approaches, the results shown in Figs. 14, 15, 16 are not sufficient to evaluate
qualitatively nor quantitatively the contributions of different physical mechanisms to the behavior of the
hybrid composites based on mixed powders.
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Fig. 15 Passive MR effect of the samples MRE45, MRE25 and MRE0 pre-magnetized at BM = 1500 mT

Fig. 16 Active MR effect of the samples MRE45, MRE25 and MRE0 pre-magnetized at BM = 1500 mT under action of the
external magnetic field B

5 Summary and outlook

The principal objective of this studywas the synthesis and characterization ofmagnetoactive elastic composites
with a soft matrix andmixed spherical powders. Classical magnetic elastomers contain either magnetically soft
or magnetically hard fillers, while within this study we have combined magnetically hard and soft spherical
particles in an elastomeric matrix to provide a combination of active and passive control of MR properties.
Specimen of various compositions was characterized using axial dynamic loading and external magnetic fields
up to 240 mT. Composites with a magnetically hard component were pre-magnetized in a magnetic field with
a flux density up to 1500 mT prior to characterization in order to obtain a remanence. Elastic modulus and
loss factor of the specimens were calculated from the experimentally obtained force–displacement hysteretic
loops. Composites based on magnetically hard powder only are not controllable in a non-magnetized state.
Pre-magnetization of these composites provides a possibility to tune their properties passively on the one hand
and in addition results in the appearance of an active MR effect, thereby giving the opportunity to actively
influence the storage modulus. The amount of the magnetically hard powder, i.e., the specimen’s remanence,
is not the decisive factor influencing the passive MR effect. The addition of magnetically soft particles into
the composites enhances the active MR effect of the non-magnetized samples significantly, while the presence
of magnetically hard particles still causes the sample to have a remanence magnetization and, consequently,
tunable passive viscoelastic properties. Pre-magnetization of the mixed samples slightly restricts the active
control.

The obtained results may serve as a reference for the simulation of material properties and provide the basis
for theoretical predictions. Moreover, presented data give a basic input for the design of technical applications
using this new kind of composites whose viscoelastic properties can be passively tuned as well as actively
controlled. Further investigations are required in order to understand the behavior of the material in detail,
e.g., variation of the applied frequency and amplitude. Special attention should be paid to investigations of the
anisotropy of the MR effects in these composites, when magnetic field and mechanical forces are applied in
various directions relative to each other as well as to the direction of the pre-magnetization.
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